pe Pe a bt be 2S Pi RP La he aed 
vier de ribo eer yee * 
beth’ olttaaenels 

Serer ere MEER Chet CoE et rte 

Priel eA LLL SRSA REL Perec ed kr eeraery 

rUPer erie ivriM oles teared SEO Corel eu Es. 
5 seh eretaree ty WT er pe Peer Peta | 

aes 


ear 
DWN) TATU 
PAPE RITISU EL Td Wh ak PUPe CEL Lee ek See 


Meat 
Vib eA ee 
VQ EAGWEE CE UN GPA ATi y 

Wai dy wait ee eh 
SV Pat Soca e ah PES) rhe 
COP ee et oo Mur OU RU Mra En ot BL 
Ce NTT EPL POET 
Verorar te toon ea Prey ea ay os Gi 
ice rhe TE AP ET TANGLE 


POLE ELBE ELS Led Pie eae aL, 
iW Gen saC Mat Re eu aa lO oe 


Ter ened ee 
Mi dieese sh t059 
Hrerarererenens 
preity sort Prpeetes 


aitdtaks -¥- 


Lehercoh © Wud sa dece aqnitobersits 
Pr Pi bet eet LE USR ACen ES wie verge beter VEN WN Std a dd Se 
Wirt r post eUblebens 


FACTS Lad RC BMS HUE. WE 


ot ba ot EL BU i 
deiah TON ae gal Hs oy Va bet si USPS ASA cats hae SVs Oe TRH Od 
Pe Se ye Teenie Sie cea shewaitanan 


4 
TN Sai Len mipevae PeCTOr SCel Cette ri foc rob es 
Mee TRE RHO SHURE SANCHO LMS an sabe tbontaglhy FG 
URES COL OCLeLad 


ASpin teehee 


yest sa ciby ee Date er eLii MUM BEDUIDIT ROL RIDES 
Po ST a Bah ACTA we MOVER ECTS ALON ah sy ale saa 
pTatay on 1G LOT Ry sepa Nef tera AN re eee LOLeL RRS Ey es ened 
BURN tide way EAC O SATE SD SENDER IN STS Ue a ae ivait al Ppa shery: 
LeObA A feahtis bau alti DEL EAE eH ws OCP SVM Ebel SOIC aH Ao ASEM RN 
Pipa VOR LURU MSU US SR OEE UE sTiihed Ga RED a se ak Set Shei 


eer UM DE ORL EU eu ED Es Y 
Ata Ct UEC SOPH ALTE ofa das DOME SY Se OBST FADS Pere Te Pu add 
Pe TANCE LUSA taomehay ada CUA aMaM AOA THe aLeGag bret ahaha tay SD ow 
i Wan awn he ge halt 


PIS Trent reehrcsera! 
Weheh os ahah ce 5 
neways teil 
steleiiah 
ie Cloecle eho SUeeee RL POUL 
ani ad SB pHa HiRes Aga A TCA RM CEL YL 
eAeW eh ara 
a é 


vi 
OPC BOR SUPT EC ER CD Mid ( 
BLL Pung CaCO DRED LY 2 LTE CU I AYRE EA 5 Vl OS Ie 
Lie TM ESLA LDS NAAT AS SA ira ba SA ves PUTS ENR 
Hsaapneiesiecd sore RTE EE RS OL 
TAA Ashe Ny kehs 
LPPAS HS Aa CE ORSL A ie Etna gen 


AGS Da ES 


che Cob a BA ee ee 
Ag Rabie’ 
SWAN Win beh 


‘ 


tas 
poem einslete 
Yeush cpa@ene balay yao 
Merths “ 
Faded KEAN 
perrenrer ton eit} 
Veda VR 


wradgeren ey 
wer 


died Weta aed 
Creve viertcrorg 
wayne Rolie eT oy 
WbSW Naa Wyle HOMER EMS Wah EE 
haheee ws Uta 
Kiedis habe ie 


ay were 
nes fee 
PPODEN IST PCIE RIAL EAMES Cah hin Dee 
Ac red cE ALT CRIED CiDW ah RaW OR MANS 
(PVE USHER UT EEN CAG a be 
JV i Shot einsaitan 
aie 
NO TUPR EDEL 
POs eer eoeRen tees toy lta 
Ae AW GW AEG NGa TahaG ARY ORS PH STS 
RIN Vstoy ea OE Hu CA CHU AMA H He AEBS 
URGENT SVEN Oven TES 
CRA AE CRA ath ad CIS ea Mite The 
Apel sa bade nt aly tee Natok cata 
devant enabed stares 


+s 
USRE Rabe aid 
OPS PEAR 
6 AG EE AL AY 
DULG LeAnne 

Mea vie Walvell 
Vidi bawtiey Ht 


mw Obsieal NOL CREW RE. 


Peni hae rn 


Sey Ne a 


IY NAM A OHY 


GAgisovege Reus beyais 
cS TAT SHORE HANA 
HiWeh aired feccuband WEEE RMAs 
AGM bye POE 6 

erereorert fcr eee) 


Ese se SYS SSR 
Nate a Wane 


Hi 


294964 0 


tae fabenatcqin dl 


| 


PUSHES W ATE 
AS 


TORONTO 


| 


UNIVERSITY OF 


tn 


3 it 01 


haghoueeat 


aniteee 


setenotet 


ees 


aus 


pidepcetie 
ETT eter eeerc) 


Pe eTEDE 
atycete % 


seer eeny tant 
ustanenens 


veueutetey 
bond papanunaeeh Cele 


Weieitiernes 


Sid tae tase tater eeese: 
(RAL nt COIL 


Wrererrrre eer: 
escaped ad 
Tid pad anc toca gigs imetipt on ava t 
Wee ad 8 hear te tea ted a4 
TWendagedenegeonedil ened 
Vide aAdeyilise tek tteaans OF 
behphedan vdied 
PP EEE OF 
Filed Heepueeh oapret 
ernie tress neg: 
} eas ieeintet Hater rarer 


ere 
eary ros 


esate Ueradety. 
pew regi gneaetetetat 
‘ dod rape ppeptantrengtece nieuedt 
Syaneetas eee heaton sas ey eet eta mine ty 
devamsael SeCrn gl ele Sut beeen 
jeden tent sone ke Meee eetaee 
eperorrerrserer rer? enter tire 
oe SUettte ha 
iriver 


ieastss 


Tatae Sachs auedeaeeapee 
pieaigudedenscenanetgt 
et Reeser atasy 


viet 
arent ate CEL PSE RMAY 


Pry Titre Meriter iia 
Tia dthes phic ule tncatt oat f 
iiteaeth PPREATR SPY jd rma MemD TENA TE MRAM Me UBF 1 #0 
MT IO rE area Petr re bet et oi ont ee 
as eye pha ee pa pan tent na rots cpsetatneateas! ite 
perevera) tau oe Preariveteiit ie ro) weed ad 
ih coe POET LC pteet 


thee 


ute teareghene tt 
SOAP ENsMea MPLA MUSE ODOR URE SE te 

eyeaney Hiddemeongnprenet ature ments 

ate ’ renee t4 


asacgeete 
tiahtes 


ed 
dd dhobte BPO Rote! dis teagan tet etar eee bee Agee Au event erpsenietads 
pireeiew eternity 4 Perr to ra] ayaupe titty 
PARE Ue eee sorpeyasayt tye 3 fenenen vty 
brard veedue 


hase den ntartes 
Meter ree Ce ed 
TAO hint bgedetds ere ane? 
wpe oata debae at eee Ate ty atte td feteel ayty 


Hee dtiy tr 
eineeee tthe 
Tella ppaaae raat 


aren ty by 


Ppperirevereti ton totes 

OT CTRPEr TTI ee Sle Se Ue Paden Ren Rt Erg tone tae ete) sotatatly 

‘ Stee PerPrperen TRarUPrentrentr 1) 0y PLEO at enki renee tata eK UALR LY Oot 

Per evenice nat | Corey Peperents Fie rec ty et) Tacnau ce peuy ep nmied abe geen any te 

Perboeier ee Pee ClPT IT ete Che baa ee bae pert per bites en PerrTnCeD rie B| yaa eo) 
cots ine enmvas etal 


PHIM TER VEPEORURI METS PINT PUA D it ne et ate eee UL tht Ld ba 
seOnCeghe or eg at 


eeererretrirerir tt cate ert teeter 


MPTTITOEPED I RtLEPT TILT? Liatisnit et tia) cays 
SER poet Tit iedces pce test cde babi gh eve deamon atrara pies sera ae?, 
(OPETRT ERE TMET EET ET Set nL aL bee tkehb he bee 


Lyte 
Prrreuwera tt) 
fice grenade cetieere 
Werte shat eee 


ty eeret aesap ty Acti eee tacete 
here er rarer eC WRN CRED at 
jibe rkeene cay 


Pricdedenahoenarn ce geeed d ttdone 
PerePeretri Ti tet co bd Coie ie Lia 
geainen ty eievew a4 

cepereet ro Pirni rr cer yy errrieanit 
ray ig eueant matiesdene Kip ay Ait It 
ithe sesereurecisacdele pepe 
mane wtiheas 


vel adbre vibe omer igdeatie es 
Ln AL cee beak tw : recere Pret ir ea Riad 
ePIC ECi EC Leu Ors Dee ed aneeosnet toed CUTE NET ALE Tet 
pi tibceen Arp bol oh eeed, pode knee elec et eu geseenen dna accented tee 
piedinandg aces a ee tee chee gs bat pe it 30 08 


Cee ee Oe AD aa 
peeeaes eeu eon ee 
Horde ed tate ow 


MUD Roden hoe ta | 
arte a 
rer sitagatdad heatbins 


perererntn eta, 
coraearatdt ied 


at 


ou read iy Gopdehbeareden Pree Ce ek a he 
Ae ea hey We eR DAR abs by yd tasegy ee vane races 
lined Abad etedEbnasey Ube at ide rechten er ae 


oeurberetatipeyelstatell 


F} peste pebede Peerrorid ee Teed 
Fada pel oMengtageed rite at) dileietia eT Aah seat 
en 1a ears Prey eed ghee tisinibeslie me 
; ipladaly Aen borer anne 
: éhores delea sano he bepril hae figenteyd Lyre nay een 
haben one aye PETIT ST eRe eed eh), dahtnele nae rest Py 
¢ Yomererep rn levegeed yineae 


EY 


i erat) WPA irrererertUMCerrun on MMe SRE 
H 1 jeyaaatel Se Tam ireaagedsdect seth peed rhyaade hed Pup Whee ieee eS eAtES Ae 3 tH 
H yew Perr veu art ee cee LE EES A OLI AD MACON dzeuidoall 
RAAT US LEE OO ER 6 8 bly daeraycgeat 
4 


70 haa He Mee Doe at een Sen C LRT a 


abensier hier iter it] 
a Pee ren TRI LTETED Or COREL Ae Fie Leder i 
Si hieg tee tetas ti arees tbeibe aphabeys ofA aity 


Digitized by the Internet Archive 
in 2008 with funding from 
Microsoft Corporation 


http://www.archive.org/details/experimentswithdO0Olutzuoft 


i Tae eee ad y he 
; va ‘ a ales Sy 
Hk i tee rat 
Vv ony et ny oe 
ie Wh Bie anal! 


2 ote : Of 5 A 7 ey 
ete tea eae Pn 


7 mie me ts sini ie: Pi 


ay Py iii ‘ ‘nn 4 i he Ne mi 


5 
Hi 
sa 
i Jk 
i 
. 
ab) 
i 
a 
) ' 
: i 
r., ; J 
a 
OF. Dea 
am Ai ‘ i 7 e if / 
at : At 
; A : 
eae 
7 
‘ 
Lm) 
oh 
7 d 
H i 
S 
+ 
i i ’ 


EXPERIMENTS WITH DROSOPHILA AMPELOPHILA 


CONCERNING EVOLUTION. 


BY 


FRANK E. LUTZ 


WASHINGTON, D. C. 
PUBLISHED BY THE CARNEGIE INSTITUTION OF WASHINGTON 


1911 


CARNEGIE INSTITUTION OF WASHINGTON, PUBLICATION No. 


PAPER No. 16 OF THE STATION FOR EXPERIMENTAL EVOLUTION AT 
CoLD SPRING HARBOR, NEW YORK 


a 
9 < 


were Tirst issued 


MAR [4 191} 


THE CORNMAN PRINTING CoO. 
CARLISLE, PA. 


143 


EXPERIMENTS WITH DROSOPHILA AMPELOPHILA. 


THE INHERITANCE OF ABNORMAL VENATION. 
THE EFFECT OF SEXUAL SELECTION. 


DISUSE AND DEGENERATION. 


Ill 


ay We TPS ‘ 


wy Pe Ne Bae: 
oa ip Abe ca 
Pe tie 


THE INHERITANCE OF ABNORMAL VENATION. 


Practically all the experimental studies of inheritance have extended 
through but few, rarely more than 6, generations and have been con- 
cerned with pairs of non-intergrading characters. In the present work 
more than 70 generations have been reared. This was possible for two 
reasons: Drosophila ampelophila Loew has a very short life-history, 
and it can be kept breeding throughout the year. The character 
abnormal wing-venation, the inheritance of which was studied, may 
be made to exhibit extreme variability, passing from less venation than 
normal through normal to extra venation, so great that the additional 
veins almost equal the normal in extent. 

At the Boston (1907) meeting of the International Zoélogical Congress 
a preliminary report was presented upon this subject, 6 generations 
having been obtained. During the summer of 1908 a report upon the 
work (covering about 25 generations) done at the Station for Experi- 
mental Evolution was submitted to the Director, but I deferred publi- 
cation because I wished to test more in detail certain points, especially 
sexual selection and the further fate of the abnormal strains. This 
additional work was done at the American Museum of Natural History. 
Incidentally I obtained confirmation of the previous work, but for the 
most part the present paper includes only the Cold Spring Harbor data 
and the conclusions drawn are as given in the 1908 report, except where 
otherwise indicated. 

MATERIAL AND METHODS. 


Drosophila ampelophila (the small red-eyed “‘pomace-fly’’) is very 
common about cider-mills, ripe fruit, vinegar-barrels, and the like. 
The larve normally live in the pulp of rotting fruits, especially during 
the acetic-acid stage of decay. They will, however, thrive on the side 
of a tumbler containing fruit-juices, and I have reared them through 
several generations on stale beer. At a temperature of 25° C. the eggs 
hatch in 40 hours or less. The duration of the larval period is, on the 
average, 5 days, and of the pupal period 4% days. The adults become 
sexually mature about 48 hours after emergence when kept at this tem- 
perature. They live for about 3 weeks. The mean number of eggs is 
close to 200. Copulation is repeated and frequent. 

Most of the flies discussed in this paper were bred in an incubator, 
where an average temperature of 25.5° C. was maintained. A thermo- 
graphic record was kept. Since the temperature of the incubator was so 
nearly that of the working-room, absolute constancy was not obtained. 
The amount of variation is shown in fig. 1, which gives the frequencies 
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of the different degrees as found during four typical months from read- 
ings of the thermogram at 38-hour intervals. For the purpose of these 
experiments even this approximation to constancy does not seem neces- 
sary, as variations of temperature were found to have no influence upon 
the wing-venation. Therefore the incubator was not used in the latter 
part of the work. 


Class 18.33° 20.00° 21.66" 23.33° 25.00° 26.66° 28.33° 30.00° 31.66" 
Frequency ° 5 25 in 292 203 690 18 ie} 


Fie. 1 


Bananas were used as food. They were purchased while still quite 
green and ripened in glass-stoppered bottles. In this way accidental 
introduction of wild flies was rendered unlikely. Even had Drosophila 
eggs been laid on the green banana, they would have hatched and the 
larvee would have developed into plainly visible pupz before the banana 
was used. Frequent control-cultures were kept and in no case was a 
Drosophila found in them. The flies with their food were kept in care- 
fully washed glassware and the instruments used in handling the food 
were sterilized in an alcohol flame after every operation which could 
possibly get eggs or larvee upon them. The importance of this caution 
can not be too strongly urged upon those who carry out pedigree-work 
with this insect. 

An egg-laying female was given a fresh piece of banana every two days 
and an effort was made to have all the banana of the same degree of 
decay. Each piece was kept separate during the growth of the larve. 
This also is important, since, if one merely gives a large supply of food 
to the female at the start of oviposition, and does not change it, the 
early-born larve will have very different food from those which are 
born later. The pupe were picked out of the “‘larval dish’’ and placed 
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upon moist blotting-paper in a small vial, from which the adults could 
readily be transferred to an etherizing vial as they emerged. 

When mating was to be done the sexes were always separated before 
they were a day old. Usually no female was used as a parent that was 
more than 12 hours old before being isolated from the males. Numer- 
ous tests showed that no females so treated laid fertile eggs. Only 
rarely was there a difference of more than one day in the ages of the 
parents, and they were usually mated before they were two days old. 
For practical reasons, parents were killed after 50 to 100 offspring had 
been secured. It was found that neither the percentage of abnormal 
offspring nor the intensity of their abnormalities changed with the age 
of their parents, so that this procedure was permissible. 

In this paper only those families are considered which are in or close 
to the main line of descent. I have not thought it worth while to include 
any families having less than 40 offspring unless they were in this main 
line. Typical data are given in table 36, page 31. I have tried to arrange 
these so that they will be available for further work by those interested. 
They should not, however, be used for more than they are worth. For 
example, one can not study the inheritance of fecundity from them, as in 
but few cases have I bred from a female until she died a natural death. 

All individuals, both parents and offspring, have been kept for refer- 
ence and are deposited in the American Museum of Natural History. 
When of especial interest, the wings were mounted on glass slides in a 
thin layer of paraffin. This was found to be an excellent method of 
preservation. By all other methods which were tried the veins were 
rendered more or less transparent. When, as in making matings, it 
was desired to examine live flies, they were slightly etherized. They 
completely revive in a few minutes. All examinations for abnormalities 
in wing-venation must be made witha lens. 

Occasionally the larve were attacked by a disease (?) of unknown 
origin which caused them to crawl out of the food, elongate, and die. 
When this disorder appeared in a dish it was usually fatal to all the larvee 
in that dish. Otherwise, Drosophila bears confinement very well. Prac- 
tically all the larvee which hatch complete their development. My ex- 
perience confirms the results reached by Castle (1906b) that the closest 
inbreeding may be practiced with this fly for generations with no injuri- 
ous results. Such inbreeding was the rule in this work, being necessary 
in long-continued breeding unless unpedigreed stock be used. 


DESCRIPTION OF NORMAL VENATION. 


The normal venation of Drosophila is extremely simple, as is shown 
by fig. 2. The costal vein reaches to the fourth of the five longitudinal 
veins. The auxiliary vein is incomplete or indistinct. The anal cell is 
present. The discal and second basal cells are united and the first pos- 
terior cell is not appreciably narrowed in the margin. 
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DESCRIPTION OF ABNORMAL VENATION. 


It is probable that all insects occasionally show some abnormality of 
wing-venation. In my experience with Drosophila ampelophila they 
occur in one-third of 1 per cent of wild specimens. The data concern- 
ing this point are given in table 1. In these the abnormalities consisted 
of irregularities of the second longitudinal vein or small dashes near its 
distal end (similar to figs. 8 to 10). Only one of the 19 abnormal* wild 
flies I have seen was abnormal in both wings. 


TABLE 1.—Percentage of wild Drosophila ampelophila 
which have extra veins in their wings. 


| Percent- 
Abnor- 
eens | mal. banca 
2 | | 
Bloomsburg, Pa. ...... | 1165 8 0.68 
Huntington, N. Y. ... GOT) 3 0.43 
Woods Hole, Mass.... 2088 3 Ona 
Boston, Mass........... | 1660 5 0.30 
et 2 a 8 5605 | 19 | 0.34 


While rearing this insect for another purpose, several such abnormal 
specimens were found in one family. My principal abnormal strain, in 
which the variety and amount of abnormality is little short of astound- 
ing, came from these. The various figures give a better conception of 
what was obtained than would verbal description. There is the utmost 
variation in the abnormal venation, not only in different flies, but in the 
different wings of the same fly. The majority of the abnormalities are 
in the distal portion of the marginal cell, but they have been found also 
in the submarginal and a few in the first, second, and third posterior 
cells, affecting all the longitudinal veins except the first. 


CORRELATION BETWEEN THE RIGHT AND THE LEFT WINGS. 


One wing may be abnormal, or both may be. In the latter case the 
abnormality may be great in one wing, small in the other; on one vein 
in one wing and lacking on this vein but present on others in the other 
wing (see figs. 44 to 46). Nevertheless there is a correlation between 
the intensity of the abnormality in the two wings, as is made clear by 
tables 2 and 3. In drawing up these tables the range of variation of 
the intensity of the abnormality was divided arbitrarily, since the char- 
acter is not quantitatively measurable, into six classes: normal vena- 
tion (or zero intensity of the abnormality), very slight (see figs. 3 to 7), 
slight (see figs. 8 to 11), medium (see figs. 12 to 18), great (see figs. 
19 to 24), and very great (see figs. 25 to 35). To which class a given 
wing should be assigned is a matter of judgment; but since when these 
tables were made up it was thought that there was no correlation be- 


*Unless otherwise stated ‘‘abnormal venation’’ means, throughout this paper, 
‘‘veins added.”’ 
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tween the two wings with respect to the intensity of abnormality, the 
personal equation which entered in would have tended to make the cor- 
relation as shown by the tables too low rather than too high. The arabic 


TABLE 2.—Correlation between right and left wings of males. 
[For explanation see page 4.] 


RIGHT, 


N 413 | 48 33 34 3 
340 | 79 46 58 ig 
Vesule 481) 28 8 1 
60 | 12 8 St 
S 93| 15 9 9 
ei 46; 9 6 2 | 
=| M 2 a eis 9 
eo 7 2 
G 3 3 2 2 
73. 3 2 pba 
V.G 


—————— | 


TABLE 3.—Correlation between right and left wings of females. 
[For explanation see page 4.] 


RIGHT. 


N. 
5 
V.S 1 
2 
S. 1 
a 2 
my 
S| M. 2 
2 
G. 4 
1 
V.G 4 
117 | 180 


numbers show the observed conditions ; the italics show the distribution 
of frequencies which would have been expected had there been no cor- 
relation. The fact that expectation is exceeded by observation in those 
classes where the intensity is alike, or nearly so, in each wing, but is not 
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a 
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SE 


equaled in the classes where the two wings markedly differ, indicates a 
definite positive correlation. 

Furthermore, when one wing is abnormal the chances that the other 
one will be abnormal also are 62 in 100 in the case of the males and 74 
in 100 in the case of the females. This is an estimate based upon 4,000 
pedigreed individuals. It will probably not hold for wild flies, since a 
large part of the 4,000 were from the abnormal strain; hence the esti- 
mated chances are larger than they would be in nature, because, as will 
be shown shortly, there is a close relation between the percentage of 
abnormal offspring in a family and the likelihood that an abnormal fly 
will be abnormal in both wings. It does, however, give an idea of the 
correlation which exists between the two wings with respect to the 
presence or absence of abnormal venation when such abnormalities are 
well fixed, and it brings out the further point that there is a sexual dif- 
ference to be considered. 


SEXUAL DIMORPHISM. 


The females show a greater tendency to be abnormal than do the 
males, and, when abnormal, their abnormalities are, on the average, 
more intense than those of the males. The first of these points is illus- 
trated in table 4 and fig. 51. Table 4 shows the percentage of abnor- 
mal males and females in 200 families. It will be noted that as the 
percentage of abnormal males increases the percentage of their sisters 
which are abnormal increases until the latter have become practically 
100 per cent abnormal. Then, since they can go no further, their 
brothers gain on them in abnormality until we get families in which 
100 per cent of both males and females are abnormal. In fig. 51 the 
crosses show the position of the mean percentage of abnormal sisters for 
each 10 per cent grade of abnormal brothers. A line is drawn to show 
the condition when for each per cent of male abnormality the female 
abnormality is 1.5 per cent. Thus, when 40 per cent of the males are 
abnormal, 60 per cent of their sisters are abnormal. Corresponding to 
60 per cent male abnormality, we get 90 per cent female abnormality. 
Beyond that the females can go little further, hence the line becomes 
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TABLE 4.—Percentage of abnormal males and females in 200 families. 


Females 
15:30 25.0 35.0 45.0 55.0 65.0 75.0 85.0 95.0 


Fi1a, 51.—For explanation see p 8. 
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vertical. The close fit of this line to the observed data shows that the 
relation 


Percentage of abnormal females —1.5 X percentage of abnormal males 


may be taken as approximately describing the average observed con- 
dition. 

Owing to the impossibility of describing the intensity of abnormality 
in quantitative grades, we can not give a formula for showing its sexual 
relation. Tables 2 and 3 show that there is sucha relation. The ques- 
tion as to whether both wings or only one shall be abnormal is also a 
part of this same problem of the variation of the intensity of the abnor- 
mality. We have seen that when a female is abnormal she will in 74 
per cent of the cases be so abnormal that both wings will be affected, 
while only 62 per cent of her abnormal brothers will be abnormal in both 
wings. 


THE RANGE OF VARIATION OF ABNORMALITY INCLUDES ‘‘NORMAL’’ VENATION. 


One other point is to be noted. The intensity of abnormality ranges 
all the way from cases in which there is almost as much abnormal vena- 
tion as normal down to a barely discernible devia- 


tion from normality. We have, then, in studying Srnec 


the inheritance of abnormal venation, the serious —_|abnormatfiies| C.S. | 
difficulty that a just indiscernible abnormality may =—§-_P®? "lv: 

be present.* Such a fly would be recorded as nor- 1to 20... 20.9 
mal. Table5 suggests that they would be more like- 2 = De 20.9 
ly to occur in families in which the percentage of _| 61 to 80...| 58.0 
abnormal offspring is low, for as such percentage | 81 to 100...) 83.1 


decreases the percentage of abnormal individuals 

which are abnormal on both sides (C. S.) decreases. In other words, 
there is an increasing percentage of abnormal flies which have the abnor- 
mality so reduced that in at least one wing it can not be seen. Hence, 
presumably, there is an increasing percentage of flies which have the 
abnormality reduced in both wings to a point just below visibility. 
These will be more common among males than among females, because 
the intensity of the abnormality is less in male than in female wings. 
Whether this alone accounts for the fact that a smaller percentage of 
brothers are visibly abnormal than of sisters isa question to which it is 
difficult to give an answer. 


*May not this be true also of the spotted condition in certain mammals? A guinea- 
pig still behaves as a spotted animal even if the spots are reduced until only the eyes 
remain affected. If the variation goes still further we would have an animal germi- 
pally spotted, somatically spotless. We would then say that the spotted condition is 
‘‘latent.”’ \ 
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HISTORY OF THE PEDIGREED STRAIN. 


Before taking up the data concerning inheritance, it will be well to out- 
line briefly the history of the chief pedigreed strains. Further details 
are given in table 36. Mating 211 was the first family in these lines of 
which a large number of offspring were described. Both parents were 
abnormalin both wings. The wings of 177 offspring of this mating were 
sketched. It was found that 31 per cent of the males were abnormal 
and 65 per cent of the females. Successive generations after this, 
breeding brother with sister, gave the following results: Abnormal 
female by normal male (mating 257), 70 per cent of each sex abnor- 
mal; abnormal female by abnormal male (mating 284), 62 per cent of 
the males and 96 per cent of the females abnormal; abnormal female 
by normal male (mating 330), 96 per cent of the males and 91 per 
cent of the females abnormal; abnormal female by normal male (mat- 
ing 367), 64 per cent of the males and 91 per cent of the females abnor- 
mal. A number of matings were made from the offspring of No. 367. 
Matings 405 and 408 are of especial interest. 

In both of these matings both parents were abnormal in both wings. 
Unfortunately there were a small number of offspring from each (25 
and 29, respectively); but all of the offspring of mating 405 were normal 
and all those of mating 408 were abnormal. Three matings were made 
from the offspring of 405. Of the 385 offspring of these, not a single 
one showed the slightest trace of an abnormality, while of the 51 
offspring of mating 440 (the parents being children of 408) only one, a 
male, was free from abnormal venation. Mating 405, then, became the 
starting-point of the ‘‘normal strain’’ and mating 408 the starting-point 
of the ‘‘abnormal strain.”’ 

As can be seen from table 36, the various generations of the abnormal 
strain gave approximately, sometimes actually, 100 per cent abnormal 
flies, although normal individuals were far from rare. Furthermore, 
the intensity of the abnormalities increased. The greatest abnormality 
noticed before the fifth generation is shown in fig. 20. Up to that time 
all abnormalities were confined to the second longitudinal vein. Begin- 
ning with the sixth generation, abnormalities appeared on the third 
longitudinal vein. They became frequent by the tenth generation. In 
the fifteenth generation they were common and abnormalities began to 
be noticed on the fourth longitudinal vein. These have, even yet, rarely 
exceeded small spurs near the distal end. About this time the fifth 
longitudinal vein also began to be affected, and specimens such as are 
illustrated in figs. 30 and 82 were found. Meanwhile increasingly great 
abnormalities on the second and third longitudinal veins occurred. (See 
figs. 37 to 42 for examples. The condition shown in fig. 43 is unique. ) 

Turning now tothe normal strain, three points should be borne in mind: 
the parents in each generation were normal, it came from the same 
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ancestry as the abnormal strain, and about one-third of 1 per cent of 
wild Drosophila ampelophila were found to be abnormal. For four 
generations after branching from the abnormal strain (five, counting 
mating 405) not a single abnormal individual was found, but in the next 
generation 1 fly out of 216 (0.5 per cent) had a very slight abnormality. 
In succeeding generations the percentage increased for a time, in spite 
of artificial selection to the contrary, and then diminished to zero under 
the same treatment. The abnormalities were all small, never greater 
than ‘‘medium.’’ Table 6 summarizes the history of this strain for 40 
generations. 


TABLE 6.—Fluctuation in percentage of abnormal individuals in a normal strain. 


Generations No. of No. of | Percentage || Generations No of No. of Percentage 
Geers No.of | bnormal.| a trAT, aS normal. | abnormal. Behe ot 
land2; 418 | 0 0.0 23 and 24 | 144 0 0.0 
3 4} 235 | 0 0.0 25 26, 239 0 0.0 
5 6 | > 675 | 1 0.2 27 28 | 257 1 0.4 
7 8 594 | 7 1.2 29 30°; "116 0 0.0 
9 10 336 31 8.4 || 31 32 195 0 0.0 
11 12 471 45 Set. i ise 34; 217 0 0.0 
13 14 0 YESS 14 7.1 || 35 36 148 0 0.0 
15 16 | 79 2 2.5 || 37 38 | 55 | 0 0.0 
1 18 110 5 4.3 | 39 40 | 63 | 0 0.0 

19 20 234 | 14 5.6 | | — 
21 22 56 2 3.4 | Total | 4,725 | 122 2.5 


It is to be noted that the percentage of abnormal individuals is greater 
in this strain artificially selected for normal venation than it is in nature. 
At first thought one would say that this is an effect of the environment 
to which they were subjected. If this be true, environment may have 
played a part in the production of the abnormal strains. I think, how- 
ever, that itis not true. A sufficient explanation seems to lie in the 
fact that a form of selection exists in nature which is keener than the 
artificial sort, even when the latter is carried out under a lens. 


THE EEFECT OF SELECTION. 


Of late years there has arisen considerable skepticism concerning the 
cumulative effect of selection except as a means of isolating ‘‘ pure 
lines.’”’ Jennings (1908) says: ‘“‘ Certainly, therefore, until some one 
can show that selection is effective within pure lines, it is only a state- 
ment of fact to say that all experimental evidence is against this.’’ 
Whether or not the present material has a bearing upon the question 
thus clearly put depends upon the definition of a pure line. Ifa pure 
line be defined as one from which nothing else can be gotten by selec- 
tion, further discussion is not necessary. On the other hand, if inbreed- 
ing (for the most part, brother x sister) for 10 or 15 generations and 
rigid selection (in this case, with respect to wing-venation) may be 
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reasonably supposed to have established as ‘‘ pure’’ a line as exists in a 
given case, the following facts may be of interest. 

The abnormalities obtained, both in the direction of veins added and 
of veins lacking, far surpass those found in nature in this or any other 
insect with whichI am familiar. Furthermore, they do not even remotely 
suggest the venation of any of this fly’s relatives. Something new has 
been produced. Inthe strain whose early history has just been described 
there was, at the start, no definite effort made to build up an abnormal 
race as quickly as possible. Later I tried to do this from wild material 
obtained from other localities. 

Starting with an abnormal male and a normal female from Boston and 
an abnormal male and female from Bloomsburg, Pennsylvania, I rigidly 
selected for additional veins. The record for each successive set of two 
generations was 8.8, 5.5, 11.5, 14.38, 30.3, 45.8, 85.9, and 100 per cent 
abnormal. Thereafter mass-breeding was practiced and the abnormal 
strain preserved for about a year by merely starting a fresh jar every 
couple of weeks with the most abnormal individuals found at that time. 

The abnormalities in this strain were of the same nature and extent 
as in the one started from the Long Island material. It would seem 
that this increase in the percentage of abnormal individuals up to 100 
per cent and the subsequent increase of the intensity of the abnormalities 
can not be due to the gradual weeding out of all units but the one or 
several desired, because one quickly gets things which one can safely 
say did not exist in the population with which we started, or, to be more 
exact, which we do not see. Some can probably imagine that the “‘units’’ 
for each successive grade of abnormality existed in the parents with 
which we started, but that they were held in check by an equal number 
of inhibiting “‘units”’ of corresponding powers, so that the result could 
be explained by saying that in the selection we cut out step by step suc- 
cessively stronger inhibiting units, thus allowing successively greater 
abnormality-producing units to manifest themselves. On any other 
hypothesis, it seems to me, we must admit the cumulative effect of 
selection upon a “‘unit,’’ 7. e., within a pure line. 

But, upon this hypothesis, how can we account for the occasional nor- 
mal flies? Why do not the inhibiting units stay cut out after we have 
once gotten rid of them so thoroughly that all the flies of several suc- 
cessive generations show strong added veins? Perhaps they do stay 
cut out and these occasional normals are merely fluctuating variations 
in the abnormal unit. If so, and if selection does not have a cumula- 
tive effect within a unit, it would be impossible to return to normality 
from a series of inbred generations of abnormality. But it is possible. 
Starting with a family which had one normal offspring in a total of 133 
(99.2 per cent abnormal) and selecting to reduce the extra veins, the 
percentage of abnormal offspring in successive generations was 81.8, 
66.2, 32.9, 12.5, 17.0, 0.0, 0.0, 0.0, and so on, as a typical normal strain. 
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The building up of an abnormal strain from a long-inbred normal one 
was also nearly completed when it was stopped by accident. I did not 
think it worth while to start it anew, as its accomplishment would prove 
little, since it might be said that the normal strain was a ‘‘ mixed general 
population ’’ due to normality (inhibiting) units masking all sorts of 
latent abnormality units. 

In nature a small percentage of flies have the fifth longitudinal vein 
somewhat shortened (see fig. 47). This variation also appears in the 
experimental strains. Rather as a matter of curiosity, I selected for 
shortened veins during a few generations and very quickly obtained such 
specimens as are illustrated in figs. 48 to 50. One can not go further 
in this direction without some special technique, because the wings, 
lacking the support of the veins, droop and catch in the fly’s food. 
Probably breeding could be continued by cutting off the parent wings 
when matings are made. I did not try it, as it was already very evident 
that selection was just as effective in the negative as in the positive 
direction. 

On the other hand, all attempts to fix, by selection, some particular 
type of abnormality utterly failed. It was thought possible that the 
great variety of forms which the extra veins showed was due to a mix- 
ture of a number of simple forms and that selection might isolate these 
simple types. The most hopeful was a simple forking of the second 
longitudinal vein (see fig. 10). Selection for this type was started sev- 
eral times, but never went beyond the fifth generation, because, although 
there were plenty of abnormal flies in each generation, there was no 
increase in the number showing this particular type, and sooner or later 
a generation would contain none of them from which to breed. The 
same was true in the experiments aimed to fix the abnormality on, for 
example, the third longitudinal vein, but to keep it off of the second. 
It is easy to have all the abnormal flies abnormal only on the second 
longitudinal vein, providing one be content with small abnormalities. 
However, as soon as one increases greatly, by selection, the abnormality 
on the second vein, the other veins begin to be abnormal. 

These are the facts: Starting with slight extra veins, either in wild 
material or in material selected and inbred for normal venation, we 
ean quickly get by selection 100 per cent abnormal offspring. In future 
generations this strain can be quickly brought back again to its normal 
condition by selection. Selection also quickly shortens the veins and 
would probably largely do away with them, provided some technique 
were adopted to keep the results of selection alive. But selection, 
accompanied by the strictest inbreeding (brother X sister and parent < 
child) failed to isolate any unit characterized by a given form or extent 
of abnormality. 

The interpretation of these facts would doubtless vary with varying 
opinions as to unit-characters. 
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THE DATA CONCERNING INHERITANCE. 


Without reference to the grandparents, the data are summarized in 
table 7: 


TABLE 7. 


Average 
p. ct. of 
abnormal 
offspring. 


Crosses. 


INormalisenormialatescsscocsscccoseosnces 9.6 
Abnormal male X normal female... 35.8 
Normal male X abnormal female... 54.7 
Abnormal <apnormal c.:-ccs«cssssseess 85.9 


In this work a fly is counted as abnormal if there is the slightest trace 
of abnormality in either wing. These results leave no room for doubt 
concerning the heritability of the tendency toward extra veins. 

Tables 8 to 19 show the relation between various ancestors and the 
offspring. The coefficients of association found from these are given 
below the respective tables. Although these coefficients are greater 
than expectation on the basis of Pearson’s Law of Ancestral Heredity, 
they do not negative his conclusions. He was very careful to exclude 
cases in which there is inbreeding or assortative mating. Both were 
largely practiced in these experiments. These coefficients do show, how- 
ever, that change of sex in the ancestry does not uniformly weaken in- 
heritance. Thus, the average coefficient of association between father 
and sons, and mothers and daughters (no change of sex) is 0.78; and 
that between father and daughters, mothers and sons (one change of 


TABLE 9. 
SONS. DAUGHTERS. 


ied ae ag 


3011 1329 4340 
951 2763 3714 


C. A.=0.694. 


TABLE 10. 
SONS. 


pi oer Pea 
N.} 2801 465 
A. 1389 2820 


C. A.=0.819, 


MOTHER. 


M 


Sec 


Cc. A.=0.786. 


TABLE 11, 


DAUGHTERS. 


TR ae 
[aie [se [a 


C. A.=0.864. 


MOTHER 
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TABLE 12. TABLE 18. 


DAUGHTERS. 


2602 | 1855 | 4457 
1310 | 2298 | 3588 
aes 4083 | 7995 


C. A.=0.540. C. A.—0.409. 


FATHER’S 
FATHER. 
FATHER'S 


2784 


TABLE 14. TABLE 15. 


DAUGHTERS. 


2 Ds 
HO HS 
nm a a 
@rAS— 065: Cc. A.=0.820. 
TABLE 16. TABLE 17. 
DAUGHTERS. 
as ze 
& : "81 a SN 2619 1768 43887 
OY 
ag 53] 4.| 1262 | 2296 | 3558 
 * A 
ey 3881 | 4064 | 7945 
C. A.=0.672. C.A.==0.459. 
TABLE 18. TABLE 19. 
DAUGHTERS. 
Se ey 


N.} 2630 


Va rae 


A.} 1251 3323 4574 


| | 38ei_ | 4064 | 7945 


MOTHER’S 
MOTHER 
MOTHER’S 
MOTHER 


Ea 4105 | 2776 


C. A.=0.753. C. A.=0.808. 


sex) is also 0.78. Considering the grandparents, the average coefficient 
of association between sons and father’s father, and daughters and the 
mother’s mother (no change of sex) is 0.67, while that between sons 
and the mother’s father, and daughters and the father’s mother (two 
changes of sex) is 0.74. This result agrees with that of Blanchard 
(1903) concerning the coat-color of horses and is not in harmony with 
Pearson’s (1900) and the writer’s (1903) concerning the eye-color in man. 
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It will be convenient in the present discussion to adopt the following 
symbols: A: denotes a fly that is abnormal in one wing only; Az, a fly 


abnormal in both wings, and C. S. 
(coefficient of symmetry) that per- 
centage of a given lot of abnormal 
flies which are abnormal in both 
wings. Tables 20 and 21 may be 
summarized as follows: Flies which 
are so abnormal that both wings are 
affected not only gave, on the aver- 
age, a greater percentage of abnor- 
mal offspring than flies abnormal in 


TABLE 20.—Relation between degree of 
abnormality in parents and percent- 
age of abnormal offspring. 


| P. ct. of | 


P. ct. of 
Parents. | abnormal | Parents. | abnormal 
offspring. | offspring. 
aaret 
|} AX A,| 85.1 || NXA,] 45.8 
Ae SN POEe il NS Anes cane tl 
HA OAL Pee NXN 13.8 


| 
| 


| 


only one wing, but the abnormal offspring of the former were more 
It must 


TABLE 21.—Relation between parents and offspring with respect to one wing or both 
being abnormal. 


likely to be abnormal in both wings than those of the latter. 


Parents. Offspring. | Parents. Offspring, 
Male. |Female.| A; Pe eccoeaall iMatens leeraatesy uae Ae C8 
| 
sake 2 |. a Pees Dll wba aera 
A, A | 268.) 1271 |) 0:83 || A; N 55 61 | 0.53 
A, A, 102 178 OGY NEO A, 122 198 0.62 
As N 105 118 0.52. | ING (3 AS 57 53 0.48 
A, A, | 149 | 428 | 0.74 || N N 285 | 160 | 0.36 
Ay A, | 83 158 0.66 | 


be noted that this was only “‘on the average.’’ Although it was an 
exceptional case, we have seen that all the offspring of mating 405 


were normal. The parents each had 
“sreat’’ abnormality in both wings 
From table 22 it seems evident 
that a given asymmetry (abnormal 
in the right wing only or abnormal 
in the left wing only) is not inher- 
ited. The offspring of a parent 
which is abnormal in the left wing 
only are as likely to be abnormal in 
the right as in the left wing, and 
vice versa. This is in accord with the 
results obtained by Castle (1906a) 
for polydactylism of guinea-pigs, 
Larrabee (1906) for the reversed 
optic chiasma of fishes, and Priz- 
bram (1907) for eye-color of cats. 
As was pointed out, all attempts 
to fix any particular form of ahnor- 


TABLE 22. —Relation between parents and 
offspring with respect to which wing 
as abnormal. 


{Ag=Abnormal in right wing only; A.=Abnor- 


mal in left wing only; 


A»,=Abnormal in 


both wings; A,;=Abnormal in one wing 


only.] 


Offspring. 

Parents. —— = = 

eee Sa Wes ei Ns 
aif fist eli Ha. = 
Pg SNe | ATC ARI: QR TOS| 
A,X A, | -.58 |) 79 | —O-16 
AL BB Ger! S0to8 
A,X Ar 36 41 —0.06 | 
A,X Ay 30 25 | +0.09 
A.X Ar 23 24 | —0.02 
Ni S@AR | Zoe! Let 0.28 
BSAC | S71) <2arilet ote 
N XN 146 | 139; -+0.02 
N XA, | 121] 106| +0.07 | 


mality by selection and inbreeding (pure lines?) have failed; nor has 
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there been any apparent tendency to settle down to any definite type. * 
The ‘‘center of disturbance’’ has remained in the distal portion of the 
marginal cell closely related to the second longitudinal vein. Next to 
the second, the third vein has been the most affected, then the fifth; 
but I have failed to fix the abnormalities in these veins. They are, 
apparently, all the effects of the disturbing factor or factors, centered 
on the second longitudinal vein in the marginal cell. 

The hundreds of families studied showed that it is impossible to pre- 
dict, from the character of the ancestors, what the form of the abnor- 
mality will be in the offspring. The most that one can do is to give an 
approximate estimate of the percentage of abnormal individuals and a 
still less exact prediction of the average intensity of the abnormalities. 


THE BEARING OF THESE DATA UPON PROPOSED LAWS OF HEREDITY. 


In my former paper (1907) I considered that normal venation is more 
or less dominant over abnormal in the Mendelian sense. Such was the 
case in the early part of the work, although, as was pointed out, it was 
the spirit only and not the letter of the law which was followed. When 
a normal fly, having normal ancestors, was crossed with an abnormal 
one, practically all the offspring were normal. The abnormalities which 
did appear were slight, but there was no doubt about their presence. 
Matings 318 to 322 (see table 36) illustrate such cases. The offspring 
of matings 347 to 353 are second-generation hybrids from such a cross. 
They show a condition not very divergent from the Mendelian expecta- 
tion. 

Since the number of offspring in most of the families considered here 
is large, the Galtonian formula can be tested in single families, and it is 
evidently not at all in accord with the data. Neither is Pearson’s modi- 
fication of it. The fact that normal < abnormal gave, in large families, 
practically all normal completely negatives for these data all theories 
which are founded on the hypothesis of equipotency of the two parental 
characters. 

On the other hand, while the results of certain matings accord with 
Mendelian expectation, the fit is far from good in the majority even in 
the early generations. For instance, we have seen that neither normal 
nor abnormal breeds true. A Mendelian recessive would be expected to 
do so; therefore we can not consider either normality or abnormality 
to be Mendelian unit-characters in that sense. 


*Here again (see p. 10) the similarity to the experience of breeders of spotted ani- 
mals is interesting. Castle (1905), for example, found that ‘‘one can by selection 
progress in either direction through this series of changes, either increasing or de- 
creasing the number and extent of the pigment patches, but it is impossible without 
long-continued selection to fix the color-pattern at any particular stage in the series; 
perhaps it is wholly impossibie to do so, as Cuénot (1904) asserts on the basis of his 
studies on mice, but this I very much doubt.”’ 
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Fig. 52 shows graphically the results of the three sorts of matings: 
normal X normal, normal < abnormal, and abnormal < abnormal. The 
first should give one mode at zero abnormality and another at 25 per 
cent abnormality on the assumption that normality is dominant in the 
sense in which the term is now used in Mendelian literature. These 
modes would represent the results of DD x DD and DR X DR, respec- 
tively. They are present, but the curve runs all the way up to 65 per 
cent abnormal. The second should give one mode at zero and another 
at 50 per cent, representing the results of DD x RR and DRXRR, respec- 
tively. The mode at 5 per cent is marked and might be explained as the 


48 - 
46 : 


30 : 
wn 28 — — Normal x Normal : 
—~—-Normal x Abnormal : 
seeeeees Abnormal x Abnormal 


Percentage of abnormal individuals 
Fie. 52. 

result of ‘‘incomplete dominance,’”’ a thing which is itself badly in need 
of a Mendelian explanation. At 50 per cent thereis a drop in the curve 
where there should be a mode. There is a strong mode at 75 per cent, 
where there should be none. This is true both when the male is the 
normal parent and when the male is the abnormal one (see fig. 58). 
Abnormal < abnormal should have but a single mode, 100 per cent (or 
95 per cent as the figure is drawn), representing the result of RR x RR. 
Such a mode is pronounced in the curve, being chiefly made up of the 
families of the abnormal strain after generation VII, but the curve 
reaches all the way to zero. 

These data are analyzed in tables 24 to 35, so that there is no need of 
a further text description of them. They are taken from the early part 
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of the work. The results of the seven crosses between the abnormal 
and normal strains in the fifty-ninth generation—all that were made at 
that time—are of interest in this connection and are shown in table 23. 

Any theory applied to these data must accord with the following facts: 

(1) Abnormalities occasionally appear in the venation of the wings 
of wild Drosophila ampelophila. These are usually added veins. Since 
evolution in the Diptera has been accompanied by a reduction in the 
number of veins, these abnormalties are of the nature of “‘ reversions. ’’ 
The tendency to produce extra veins is inherited and has been increased 
by selection. This is also true of the tendency to shortening of veins. 


o i f. —~—-Male abnormal x Female normal 

OS jp \ vseeeMale normal x Female abnormal 

— 7 i \ 

6 f \ ” 

Ge \ eA 

& 4 i ° \ mn = so / x “ig 

[eee - x eater 

Qe i. mS : aad y 4 

ae; New Ne hal 

FE ppt $A or 5 ede OP i ae ees nee Se 
oes is 2.5 os 45 2°55. 65... 75 “Bs "Ss 


Percentage of abnormal individuals 
Fria. 53, 


An examination of more than 50,000 abnormal wings has revealed an 
immense diversity of forms which the abnormality assumes. Not only 
are new forms being constantly discovered, but the intensity of the ab- 
normality has constantly increased as long as selection for that end has 
been keptup. The limit of the increase was apparently not reached, but 
the extra veins have always been very crude, only rarely assuming a 
form and position comparable to ordinary veins. 

(2) A greater percentage of females than of males is abnormal. The 
formula 


Percentage of abnormal sisters —1.5 X percentage of abnormal brothers 


approximately describes the average condition in the various families. 
Attempts to change significantly this relation have failed, and seem 
destined to fail, for change of sex in the ancestry does not weaken 
inheritance. 

(3) The lower range in the variation of abnormality certainly includes 
barely discernible deviations from normality and presumably just indis- 
cernible deviations also. The latter would be considered normal. 

(4) Frequently one wing of a fly is abnormal, the other not visibly so. 
There is a direct relation between the percentage of abnormal offspring 
of a given mating which are abnormal in both wing's and the total per- 
centage of abnormal offspring. Furthermore, on the average, parents 
which are abnormal in both wings give a larger percentage of abnormal 
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offspring than those which are abnormal in one wing only. There is no 
relation between parents and offspring with respect to the side upon 
which asymmetrical abnormalities occur. There is a correlation between 
the two wings of individual flies with respect to the intensity of the 
abnormality. 

(5) Normal male X abnormal female gives a greater percentage of 
abnormal ofispring than the reciprocal cross. 

(6) Not only has the abnormality increased in the abnormal strain, 
but, in spite of artificial selection to the contrary, an increasingly large 
number of abnormal individuals appeared for a while in the normal strain 
and then with the same treatment the percentage again decreased. 
When the flies are allowed to choose their own mates the percentage of 
abnormals is kept low even when abnormal flies are added from time 
to time. 

(7) Abnormality originally behaved somewhat like a Mendelian reces- 
sive, but in the later generations departed, in its behavior, very far 
from that theory as it is now understood. 

There would be little profit in reviewing the various modifications of 
the simple Mendelian formula and pointing out in detail why they are 
not satisfactory in the present case. I have tried most, if not all, of 
those which have been proposed and also a number of original hypothe- 
ses involving two or more allelomorphs. All these attempts have been 
failures with the exception of the idea of variation of potency (Lutz, 
1907). If sufficiently elaborated this will ‘“‘explain’’ each of the con- 
ditions set forth above, and until quite recently I believed that the 
inheritance of the abnormal venation followed this modification of the 
Mendelian law. It seemed quite probable that there was a single pair 
of allelomorphs involved—the abnormality-producing factor and its ab- 
sence — but that the strength of the positive one varied, and that these 
variations were inherited, making the problem a combination of the 
inheritance of a fluctuation variate and of Mendelian segregation (Lutz, 
1908). In my report at the time of finishing the work at Cold Spring 
Harbor I even constructed hypothetical curves for this variation. How- 
ever, I have since realized that the ‘‘explanation’’ of conditions 6 and 
7 was very weak. It was ‘that in selecting parents to continue the 
normal strain I merely selected flies having no extra veins. For the 
most of the time the work of describing offspring was unavoidably so 
far behind the breeding-work that I did not know what percentage of 
their brothers and sisters were abnormal. Hence I had no way of judg- 
ing as to the germinal constitution of the parents. The normal strain 
is probably a mixture of flies lacking the abnormal factor (might be 
called NN’s) and of flies which have it in hybrid condition of weak 
allelomorphic strength (NA’s). In generations vi to xx I was prob- 
ably unconsciously breeding from these NA’s. This is an answer to 
the first part of condition 6. 
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‘“We have, now, only to take up the fact that in inheritance these 
abnormalities follow the spirit but not the letter of the Mendelian law 
(condition 7). We might consider that the dominance of normal over 
abnormal is merely due to the dilution of the abnormality-producing 
factor in the NA’s. If it is strong it may be potent enough to produce 
abnormalities in spite of this dilu- 
tion, thus giving incomplete domi- TABLE 23.—Results of seven crosses between 

2 eae _ abnormal and normal strains in a late 
nance. Even when it is pure generation. 
(AA), its fluctuation may give | 


Mating | Ab- | Percent | 


individuals in which the zygotic No. normal, | 7% | abnormal. | 
strength is not great enough to | 9561... ag?| ae? ag Pe 
produce abnormalities, thus ac- ae Pence = | rh Le | 
counting for the normals in the 2630... 47 | 79 59.5 
abnormal strain. Whether one 2) seneeeeee | of | zs Cyt 
could so increase the strength of Spine cid 14 24 58.3 
the abnormality-producing factor | SS eee 
that when the selected flies are [pte ze Pat dosage 


mated with flies lacking the factor 
all the offspring will be abnormal is not certain, but table 23 indicates 
such a possibility. ’’ 

If, however, we have, in carefully conducted experiments, many flies 
somatically normal but germinally abnormal, and if by selection it is 
easy to so weaken the abnormality-producing factor that from a strain 
100 per cent abnormal we get and keep one 100 per cent somatically 
normal (all presumably germinally abnormal, since they came from a 
100 per cent abnormal strain), must we not admit the possibility that all 
somatically normal flies have the germinal possibilities of abnormality? 
This makes the problem much simpler, as, leaving out the question of 
Mendelian segregation, we have only to consider the inheritance of the 
variations of an abnormality-producing factor, whatever that may be. 
Let us take up the seven conditions which must be satisfied. 

Condition 1.—All flies possess the abnormality-producing factor in the 
germ. It is usually so weak that it has no visible effect upon the soma. 
Occasionally, however, it is strong enough to do so, and its strength 
ean be so increased by selection that it always does so. 

Condition 2. —It is necessary to suppose that it takes a greater strength 
of the germinal factor to have a visible effect upon the male soma than 
upon the female. This sexual difference of developmental physiology 
is quite common and the hypothesis will doubtless be readily allowed 
by most critics in this case. It is interesting to wonder whether the 
possession of horns by certain male ungulates, while the females lack 
them, is an extreme example of this same phenomenon. 

Condition 3.—To be expected on this hypothesis. 

Condition 4.—The explanation here would differ according to different 
notions of the mechanics of heredity. If we accept the apparently most 
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favored notion that there is some specific substance in the germ which 
produces the character in question and which is divided at the cell- 
division which separates the substances forming the right side from 
those forming the left side of the complete soma, it would be difficult to 
believe the division is always, or in most cases, exactly even. If itis not 
with respect to the abnormality-producing factor, it would give rise to 
the phenomenon of asymmetry as to the extent of the abnormality. 
Only when the factor is rather weak to start with would this deviation 
from exact equality of division frequently result in the share going to 
one wing being so small that that wing would be normal while the other 
wing is abnormal; hence there would be a correlation between the 
degree of the abnormality and the phenomenon of one wing being normal 
while the other is abnormal (see p. 5). The approximate equality of 
the apportionment of the factor in division may be taken as the expla- 
nation of the correlation in the intensity of the abnormality in the two 
wings, and the degree of this correlation is a measure of the degree of 
equality of the division. Since the going of a slightly greater strength 
to the right side than to the left, or vice versa, is a mere accident in 
development, it is not to be expected that there will be an inheritance 
of a particular side getting the greater strength (seep. 17). But since 
flies abnormal in only one wing came from germs which had a weak 
abnormality-producing factor, it is to be expected that the germs they 
produce will be weak with respect to this factor, and so a smaller per- 
centage of their offspring will be abnormal than of the offspring of 
parents abnormal in both wings (see p. 17). 

Condition 5.—Since it takes a greater strength of the germinal factor 
to produce abnormalities in the males than in the females, a male 
somatically normal may be produced by and produce germs containing 
as strong or stronger abnormality factors than a female which is somat- 
ically abnormal. Hence, in the long run, normal male * abnormal 
female will give more abnormal offspring than abnormal male < normal 
female, because in the latter cross one of the parents (the female) neces- 
sarily has the factor very weak. 

Condition 6.—‘‘In selecting parents to continue the normal strain, I 
merely selected flies having no extra veins. For the most of the time 
the work of describing offspring was unavoidably so far behind the 
mating work that I did not know what percentage of their brothers and 
sisters were abnormal. Hence I had no way of judging as to the ger- 
minal constitution of the parents.’’ Being unable, by examination of 
the soma, to tell the exact strength of the germinal content, I uncon- 
sciously used as parents flies in which the abnormality-producing factor 
was relatively strong, and thus started and for a time maintained a 
strain giving a relatively large number of abnormal flies. When the 
flies were allowed to do their own selecting of mates they were more 
successful (see p. 36). 
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Condition 7.—-From all we know of the inheritance of fluctuating 
variations, the mating of one grade with another will give variations 
about a mid-grade. If it takes a certain grade or strength of the germ- 
inal factor to produce a somatic effect and we mate a low grade (somati- 
cally normal) with one just sufficient to produce somatic abnormalities, 
the variations about the mid-grade will, in most cases, be too low to 
produce visible abnormalities. In other words, normality will dominate 
over abnormality. If, however, the parents ave such that the grades 
of the offspring are about that required to produce somatic effects, the 
dominance will be imperfect. The abnormality will appear to be obey- 
ing “‘the spirit of the Mendelian law,’’ but it will naturally ‘‘ pay little 
attention to the letter of the simple law or any of the modifying clauses,’’ 
especially in the latter generations, where the abnormal strain had the 
germinal factor much strengthened by selection. 


It seems to me, then, that if we accept the notion of some specific 
factor in the germ which brings about the details of the characters of the 
soma the facts here discussed may be considered to be the result of the 
action of a factor present in all germs. The strength of this factor 
varies, and when of a certain strength produces certain visible effects. 
The partial dominance of normal over abnormal is due tothe mean con- 
dition of the factor in the offspring of 


(flies with factor strong enough to produce extra veins) x (flies with factor weak) 


usually being below the strength required to produce abnormality. 

I have not taken up the resemblance of the behavior of these abnor- 
malities to that of “‘ ever-svorting varieties, ’’ because I feel that classing 
these as such would not be a step toward an explanation. It would 
merely be naming the difficulty. It is also not the intention to imply 
that this hypothesis would apply to those other cases which are trouble- 
some from a Mendelian standpoint and to which the principle of vary- 
ing potency of Mendelian determiners has been applied (for example, 
Davenport, 1910). It seems not only possible but probable that many 
apparently non-Mendelian cases may be explained as a combination of 
alternative and blending inheritance (Lutz, 1908). Buta simpler and 
more probable explanation of these data, provided we accept the some- 
what dubious ‘‘ germinal factor ’’ idea, seems to be that we are dealing 
here solely with a fluctuating character—the strength of the abnormality- 
producing factor—and that the study of its inheritance is made difficult, 
if not largely impossible, by the fact that only in the upper part of its 
range can we judge of the relative values of this variable, for in the 
lower part its effects are invisible. 
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TABLE 24.—Percentage of abnormal offspring in 48 matings 
of Né (ex. Né X N8) X Ne (ex. Ns X N@). 
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TABLE 25. er ete of abnormal offspring in 5 matings of 
Né (ex. Ad X AZ) X NG (ex. AS X AQ). 
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TABLE 26. eae of abnormal offspring in 6 matings of 
& (ex. AS X N2) X N? (ex. Ad X NP). 
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TABLE 27.—Percentage of abnormal offspring in ‘ matings of 
Né (ex. Né X AS) X Ne (ex. NS X AP 


FEMALES 
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TABLE 28.—Percentage of abnormal offspring in 5 matings of 
Né (ex. N& X N?) X AQ (exw. Nb X Ag). 
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TABLE 29. — Percentage of abnormal offspring in 7 matings of 
Né (ex. Né X N?) X A (ex. AS X AY). 


FEMALES. 


MALES. 
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TABLE 30.—Percentage of abnormal offspring in 18 matings 
of Né (ex. NéX AS) X Ag (ew. Né X AQ). 
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TABLE 31. — Percentage of abnormal offspring in 9 matings of 
Né (ex. Aé X AS) XK AP (eu. Ad X AQ). 


FEMALES. 


5 


INHERITANCE OF ABNORMAL VENATION. 


TABLE 32.—Percentage of abnormal offspring in 6 matings of 
Aé (ex. At X A?) KN? (ex. Nb x N). 
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TABLE 33.—Percentage of abnormal offspring in 12 matings 
of Aé (ex. At X N?) X N8 (ex. As X N@). 
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TABLE 34.—Percentage of abnormal offspring in 21 matings 
of Aé (ex. Né X A2) X Ag (ex. Nb X Ag). 
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TABLE 35.—Percentage of abnormal offspring in 45 matings 
of Aé (ex. Aé X A?) X Ag (ex. Ad X AQ). 
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TABLE 36.—Percentage of abnormal offspring of 200 families. 


Offspring. 
Parents. 
Mating pai Female. | ‘Total 
Father Mother. No. P. ct. No. eae 
aaa recorded. |abnormal.| recorded. |  aameaen. 
| ‘ | i ronal 

211 A205 A 205 | 75 30.7 | 102 64.7 | 50.3 50.3 
214 | N205 N205 | 39 30.8 | 34 47.1 | 38.4 
220 A 207 N207 tic |. tO; | 8 0.0 | 0.0 
296 A205 A 205 69 | 46.4 | 7 80.5 64.4 
230 A205 A210 | 38 | 84.2 27 85.2 84.6 
233 A 210 A210 | 31 71.0 | 25 76.0 73.2 
38 | A210 A210 22 36.4 | 23 52.2 44.4 
239 | N2il | N20 | 2] 51.7 | 29 | 69.0 | 60.3 
241 | N26 N216 | 61 0.0 69 | 0.0 0.0 
242 | N26 N 216 55 | 0.0 63 S22 \ sir 
243 | N24 N214 64 28.1 57 36.8 | 32.2 
245 N25 N 215 20 20.0 14 42.9 29.4 
246 | N2i5 N215 27. | 25.9 31 32.3 29.3 
247 N215 N 215 37 | 29.7 27 40.7 | 34.4 
253 | N220 N 220 13 | 0.0 16 0.0 0.0 
257 N211 A211 Sn hema 90 70.0 70.0 
258 N211 A2i1 47 | 93.6 63 96.8 | 95.5 
239 £N2il A2i1 21 47.6 35 924.3 | 6.8 
273 N 242 N 242 10 0.0 16 0.0 0.0 
276 | A246 N 246 135 ley thd 23 34.8 24.4 
278 N 246 N 246 16 | 25.0 17 58.8 42.4 
280 | N253 N 253 10 0.0 20 0.0 0.0 
281 N 253 N 253 ya ee 52 19),| $22 
983 | A257 A257 47 38.3 54 83.3 | 62.4 
284 A257 A257 77 62.3 91 95.6 | 80.4 
285 N 257 A257 72 43.1 72 94.4 | 68.8 
286 A257 A257 34 44.1 36 88.9 | 67.1 
288 A258 A258 | 62 | 54.8 | 67 95.5 76.0 
289 A258 N 258 43 46.5 | 38 97.4 70.4 
291 | A258 | A258 4 | 65.9 | 66 | 93.9 | 82.7 
292 | A258 A 258 16 37.5 27 92.6 72.1 
294 N241 N 241 16 0.0 .| 19 901) 0 
297 | N 246 N 241 a te ee 57 10.5 7.7 
298 N 246 A259 43 48.8 55 716.4 64.3 
299 | A238 A259 26 73.1 28 96.4 85.2 
301 | N257 N 258 53 32.1 51 76.5 53.8 
302 | N257 | A258 56 51.8 41 92.7 69.1 
305 N241 | A233 26 0.0 29 3.4 1.8 
316 N276 | N225 25 0.0 40 0.0 0.0 
317 N 225 A289 25 16.0 25 4.0 10.0 
318 A 288 N 225 32 6.3 48 0.0 2.5 
319 A 283 N 225 af le se 42 7.1 5.6 
320 A 284 N 225 50 | 10.0 60 20.0 15.5 
321 | A284 N 225 27 7.4 39 2.6 4.5 
322 | A284 N 225 48 6.3 53 9.4 7.9 
323 N 297 N 297 29 10.3 35 14.3 12.5 
328 N 284 A 284 28 92.9 26 96.2 94.4 
330 N 284 A284 48 95.8 66 90.9 93.0 
331 N 284 A 284 33 78.8 28 82.1 80.3 
333 A 285 A 285 27 59.3 26 84.6 71.7 
338 A 285 A 285 26 53.8 29 62.1. 58.2 
339 N 285 A 285 34 91.2 45 75.6 82.3 
341 N 288 A 288 20 90.0 25 92.0 91.1 
342 N294 A284 38 31.6 52 34.6 33.3 
343 N 297 A284 35 25.7 47 44.7 36.6 
344 N 273 A284 42 14.3 63 39.7 29.5 
345 N 273 A 288 58 37.9 41 48.8 42.4 
347 | N320 N320 32 28.1 55 23.6 25.3 
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TABLE 36.—Percentage of abnormal offspring of 200 families—Continued. 


Mating 
No, 


Parents. 
Male. 
Father. Mother. soeeeial Bertenial 
N 320 N 320 31 19.4 
A 320 N 320 57 36.8 
N 320 N 320 37 13.5 | 
N 320 A320 36 19.4 
N 320 N 320 37 10.8 
A 284 N 320 37 45.9 
A 284 N 321 44 2.3 
A 284 N 322 38 28.9 
N 318 N 318 32 5.1 
A318 N 322 28 0.0 
A 318 N 322 43 2.3 
N317 N317 24 0.0 
N 345 A345 44 36.4 
N 342 A 342 39 30.8 
N 330 A 330 42 64.3 
N 330 A330 43 48.8 
N 339 A 339 32 84.4 | 
N 338 A 338 36 58.3 
N 344 A344 29 24.1 
N 344 A330 23 60.9 
A349 N 349 68 70.6 
A349 N 349 26 15.4 
A349 N 349 35 25.7 
A349 N 349 27 63.0 
N 368 A 368 32 84.4 
A349 N 349 23 4.3 
N 367 A 367 20 50.0 
A 367 A 367 52 92.3 
A 367 A367 103 76.7 
A367 A 367 66 60.6 
A367 A 367 9 0.0 
A 367 A 367 56 58.9 
A 367 A 367 13 100.0 
A 367 A 367 51 43.1 
A367 A 367 23 78.3 
N 405 N 405 56 0.0 
N 405 N 405 75 0.0 
N 405 N 405 | 38 0.0 | 
A379 N 379 32 T19.°| 
A379 N 379 35 Wa | 
N 399 A399 24 70.8 
A379 N 379 20 75.0 
A408 A 408 54 85.2 
A 408 A408 | 25 96.0 
N wild A399 65 1.5 
N wild A399 49 0.0 
N wild A399 41 36.6 
N wild A399 42 4.8 
A wild Nwild | 49 2.0 
N 414 N414 | 18 0.0 
A 439 A 439 13 92.3 
A 440 A 440 44 97.7 
N 474 N474 39 0.0 
A513 A513 44 95.5 
A514 A514 26 96.2 
A548 A548 18 94.4 
A533 A533 4 100.0 
N523 N 523 39 0.0 


Offspring. 
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P. ct 


No. enChs 
recorded. | abnormal. 
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TABLE 36.—Percentage of abnormal offspring of 200 families—Continued. 


Offspring. 
Parents. 
Mating Male. Female. Total 
ae No P. ct. No arp ict p. Ct. 
Father. Mother. | recorded. | abnormal.| recorded. | abnormal.,| #>20rmal. 
oe | 
576 N523 N523 52 0.0 48°) WER 0.0 
582 N575 N575 28 0.0 S73) Paro 0.0 
584 N557 A557 18 | 100.0 24 | 100.0 100.0 | 
585 N576 A557 48 4.2 45 24.4 14.0 | 
587 N576 N576 29 6.6 | 21 4.8 2.0 
588 N576 N576 55 0.0 | AG.) . 00 0.0 | 
589 A564 A564 24 | 100.0 | 20 | 100.0 100.0 | 
590 N 588 N 582 48 0.0 | 55 0.0 0.0 | 
591 N588 N588 1 0.0 | 3 0.0 O20.) | 
592 N 587 N582 | 32 0.0 | 33 0.0 0.0 
593 N587 N582 39 00 | 36 0.0 0.0 
594 N585 N 585 73 Att | 69 | 62.3 51.4 
600 N588 N 588 55 0.0 | 58 0.0 0.0 
602 A589 A589 21 100.0 | 25 | 100.0 100.0 
605 A584 A585 30 40.0 | 37 | 67.6 55.2 
606 A584 A584 2 | 100.0 | 7 | 100.0 100.0 
611 A585 AOE” 45 Hie Sis 50 | 38.0 28.4 
613 N592 N 592 38 0.0: | CM eal ge fet | 
614 N593 N590 38 0.0 50 2.1 | 
622 N 600 N591 19 0.0 | 45 4.4 ot. | 
623 N 600 N591 24 0.0 | 35 | 0.0 G10 >) 
626 A602 A594 53 90 Ak | 60 | 58.3 APL. | 
632 A606 A 606 22 | 100.0 | 19 | 100.0 100.0 
633 A 602 A611 11 90.9 | 14 | 929 92.0 
639 A594 A 602 1 100.0 | 7 | 100.0 100.0 
641 A6ll A605 32 87.5 49 95.9 92.6 
642 A605 A 605 Be ee 55.2) | 43 65.1 | 6120 
643 A6l1 A611 3 | 100.0 4 | 100.0 100.0 
657 N61l4 | N614 31 0.0 | 30 0.0 0.0 
660 N622 | N622 44 2.3 40 5.0 3.6 
663 N623 | N623 42 0.0 | 29 0.0 0.0 
665 N613 N 622 19 0.0 64 0.0 0.0 
670 A626 | A602 35 88.6 45 100.0 95.0 
677 A641 | A626 23 95.7 23 | 100.0 97.8 
678 Mess | AGRE | 9 | 100.0 | 5 | 100.0 100.0 
680 | A642 | A642 34 97.1 49 100.0 98.8 
681 | A639 | A639 | 10 70.0 21 100.0 90.3 
 See2 | Aes | Ace | 34 91.2 | 41 100.0 96.0 
68 | A643 | A633 | 18 83.3 23 | 100.0 92.7 
692 | A633 | A633 29 93.1 30 96.7 94.9 
694 | A642 | A632 | 29 75.9 31 83.9 80.0 
710 | N660 | N657 27 0.0 35 | 0.0 0.0 
) ams | N665 | N66s | 13 0.0 DAs GEO 0.0 
| 719 A670 | A677 A e1oo-0 | it | fe0c0 100.0 
 69B3 A68 | A682 24 95.8 27 | 100.0 98.0 
| 726 A678 | A680 | 43 90.7 | 54 | 100.0 95.9 
727 | A692 | A692 11 100.0 15 100.0 100.0 
729 A681 | A682 | ah ae aon | 1 100.0 100.0 
137 A694 A694 9 88.9 | 7 | 100.0 93.8 
752 A726 A719 | 45 | 100.0 56 | 100.0 100.0 
758 A726 A723 27 92.6 27 | 100.0 96.3 
763 A727 A127 12 WU TOOSD | | 13. 100.0 100.0 
| 64 A726 A727 | 29 96.6 99 | 100.0 | 98.3 
| 965 A726 A729 46 97.8 50 | 100.0 | 99.0 
167 A737 A737 | 20 80.0 27 | 100.0 91.5 
| 9865 N 715 N 715 63 20.6 83 20.5 | 20.5 
| 799 A753 A153 | 17 88.2 | 38 92.1 | 90.9 
802 N715 N 710 40 0.0 44 0.0 | 0.0 
| 


EXPERIMENTS WITH DROSOPHILA AMPELOPHILA. 


TABLE 36.—Percentage of abnormal offspring of 200 families—Continued. 


Offspring. 
i sea Male Female 
1n, e S 
“No | N P. et N P. ct pect. 
Father. Mother. a ecedea. Spanccal: recorded. | abnormal, | 2?20rmal. 

604) NO: |: SENG 19 0.0 19 bso | | ae 
808 | A752 , A765 21 95.2 25 100.0 97.8 
813 A763 | A 763 8 100.9 9 100.0 100.0 
816 | A764 | A 764 26 100.0 23 100.0 | 100.0 
818 | A767 | A 767 3 100.0 12 100.0 100.0 
831 N 804 N 802 34 0.0 35 0202} 0.0 
833 N 802 N 802 40 0.0 do || eo) ifeit 
836 N 785 N 785 46 19.6 63. | Sessile) 2083 
851 A799 | A799 6 100.0 it | 100.0 | 100.0 
853 Asgl6 | A 808 25 100.0 41 100.0 100.0 
858 A808 | A 808 38 100.0 36 | 100.0 100.0 
880 N836 | N81 52 5.8 83 | Gee «il 6.7 
882 N 833 | N 886 55 0.0 55). | 3.6 1.8 
886 A851 | A 853 29 100.0 44 100.0 100.0 
889 A858 | A 853 16 87.5 35 97.1 94.1 
898 N 857 | N 857 55 3.6 63 1.6 Deb 
899 N857 | N857 50 2.0 33 0.0 1.2 
900 A857 | N 857 38 2.6 44 13.6 8.5 
902 A886 | A889 28 | 100.0 36 97.2 98.4 
907 A88s6 | A 886 ot |e 100-0 27 100.0 100.0 
908 A 886 A886 42 | 100.0 55 100.0 100.0 
917 A886 | A 86 39 100.0 39 100.0 100.0 
926 N88s0 | N 880 49 | 6.1 50 6.0 6.1 
XXII A886 | N 882 207 eeeG5e20 “tf HAM «| - “7OeR2 
943 A902 | A902 59 98.3 74 100.0 99.2 
946 | Axx |; A xxi 44 40.9 62 | 62.9-) “Boz 
SA AS xox | EN EXexaT 50 52.0 78 66.7 60.9 
948 Niexxar ) IN) xcxan 54 25.9 59 40.7 36.9 
953 N926 | N 926 40 0.0 68 || “dSr8" || 8.2 
954 | N926 | A 908 43 32.6 46 58. |. ~-46r 
955 | N 926 A908 40 27.5 53 | 26.4 | 26.9 
967 | A XXII | A XXII 37 54.1 46 TW i (63e9 
968°) (Auxexam |) cA exexar 23 87.0 32 | 100.0 94.5 
970 N xxl | N Xxil 44 31.8 | 43 34.9 33.3 
983 N946 | N 946 46 39.1 43 60.5 49.4 
984 A946 A946 33 81.8 | 51 90.2 86.9 
985 A 946 N 946 41 56.1 41 78.0 67.1 
986 N947 | N 947 29 2a 36 88.9 82.3 
989 A947 | N 947 yAh GGrde al 29 82258 | F520 
997 A943 | A 943 PALS | Titles: 28 S55 | Sls 
1006 A930 N 957 LSE boro: 20 60.0 57.9 
1017 N953 | N953 7 lap 20200 | 8 135. |) Bes 
1021 A947 | N 947 Zia eG Gr ee, 45e5 | 46.5 
1064 N 997 | A 997 30 50.0 | 38 7309) 4) 6Gne 
1069 N1017 | N1017 2Aam 0.0 40 AAD 1.6 
1071 A981 | N1006 AST 0.0 7 VAS Sen Oral! 
ght N1062 ; N 1069 9 O20} 9 02074) 0.0 
raat) N 1064 N 1064 19 265an nl 18 AvA |) (85 n 
1118 N 1064 N 1064 | 55 23.4 63 39.7 $2..2 
1123 N1069 | N1069 52 O00} 65 0.0 0.0 
1124 N 1069 N1069 | 19 OZOm 36 0.0 | 0.0 
1141 2A 1102 3N1071 | 39 OE She 58 8.6 | 9.3 
1153 N1i1111 N1i11 | 69 0.0 74 Pat | 1.4 
1154 Nill INS 51 2.0 47 6.4 | 4.1 
1156 Nig | Naat 39 | 5a | 53 ie a eee 
1158 N1117 N1118 | 2 0.0 6 UG6e% |) AZ 
1166 N1158 N1158 S| 42 Oo 58 20.7 17.0 
1172 N 1156 N 1156 | 37 Sia 3 42 21.4 ise 
1176 N 1154 N1156 | 70 2.9 69 1.4 Jie 
1177 N 1154 N 1156 | 53 7.5 59 13.6 10.7 
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TABLE 36.—Percentage of abnormal offspring of 200 families—Continued. 


Mating 
No. 


1181 
1190 
1192 
1193 
1197 
1204 
1208 
1213 
1217 
1221 
1226 
1229 
1254 
1256 
1266 
1268 
1269 
1282 
1286 
1293 
1300 
1309 
1327 
1347 
1394 
1428 
1454 
1476 
1533 
1565 
1587 
1588 
1626 
1668 
1687 
1701 
1722 
1785 
1787 
1788 
1830 
1857 
1859 
1890 
1961 
2006 
2013 
2084 
2194 
2224 
2226 
2296 
2313 
2366 
2367 
2458 
2471 
2503 
2524 


Offspring. 
Parents. j 

‘ Male. Female. ral Total 

| f : | p. ct. | 

Father. Mother. ee eres can: Rea abnormal, normal. 
All141 | 4N1141 39 10.3 70 22.9 18.3 
2A1141 4N1141 45 Haboal 53 11.3 Ne. 
N1177 N1177 389 2.6 28 eo 9.0 
N1177 N1177 49 Pal) 73 1& 1.6 
N1176 N1176 | 61 0.0 53 1.9 | 0.9 
N 1166 N 1166 Ze 0.0 6 OZ0) 0.0 
A1181 38N1181 49) | 8.2 53 1b} 9.8 
N 1166 N 1166 33 3.0 47 Pasig! 15.0 
38A1190 | 4N1190 28 21.4 29 41.4 31.6 
N1197 N 1197 43 | AAT 47 6.4 5.6 
N 1193 N 1193 29 | 0.0 21 9.5 4.0 
N 1204 N 1204 5 0.0 Jatt 0.0 0.0 
N1229 N 1229 3 0.0 21 0.0 0.0 
N 1226 N 1226 39 2.6 46 10.9 ou 
N 1254 N 1254 25 4.0 26 3.8 3.9 
N 1254 N 1254 13 0.0 18) 0.0 0.0 
N 1254 N 1254 4 0.0 9 0.0 0.0 
N 1256 N 1256 4 0.0 4 0.0 0.0 
N 1269 N 1269 27 0.0 29 0.0 0.0 
N 1286 N 1286 55 1.8 53 5.7 sof 
N 1282 N 1282 20 0.0 24 0.0 0.0 
N 1293 N 1293 12 0.0 14 0.0 0.0 
N 1300 N 1300 52 0.0 48 0.0 0.0 
N 1327 N 1327 46 0.0 59 0.0 0.0 
N1347 N 1347 61 0.0 73 0.0 0.0 
38N1394 | 3N1394 62 oy | 66 0.0 0.8 
N 1428 N 1428 65 O20) | 64 0.0 0.0 
N 1454 N 1454 43 | 0.0 46 0.0 0.0 
N 1476 N 1476 34 0.0 33 0.9 0.0 
N 1533 N 15338 64 | 0.0 74 0.0 0.0 
*A1498 | *A 1498 Bxh || pales 40 15.0 19.5 
*A1492 | *A 1492 44 2.3 44 0.0 iLaal 
N 1565 N 1565 25 0.0 32 0.0 0.0 
A 1587 A 1588 43 Paes 69 2.9 Pas 
A 1587 N 1587 55 1.8 63 Toe 7.6 
N 1626 N 1626 Ue 0.0 68 0.0 0.0 
N 1668 N 1668 30 0.0 70 4.3 3.0 
N 1687 A 1687 29 10.3 33 152 12.9 
N 1701 N1701 82 0.0 40 0.0 0 
A 1668 N 1668 5 0.0 80 eS 10.6 
N 1787 N 1787 45 0.0 88 FO. | 0.0 
N 1722 N 1722 20 10.0 62 6.4 7.3 
A1785 N1785 21 0.0 30 33.3 19.6 
N 1830 N 1830 Ti 0.0 8 0.0 0.0 
N 1859 A 1859 49 16.3 44 9.1 12.9 
N 1788 A 1788 18 5.6 40 25.0 19.0 
N 1890 N 1890 12 0.0 16 0.0 0.0 
A 1857 A 1857 8 Zab 23 8.7 ITE 
N 2013 N 2013 18 0.0 9 0.0 | 0.0 
A1961 A 2006 13 15.4 28 SEES ay Slay 
A1961 A 2006 | 68 10.3 99 3.0 24.0 
A 2084 A 2084 | 25 28.0 10 30.0 28.6 
N 2194 N 2194 | 14 0.0 23 0.0 0.0 
A 2296 A 2224 | 8 50.0 16 43.8 45.8 
N 2313 N2313 | 11 0.0 15 0.0) | 0.0 
N 2367 N 2367 24 | 0.0 21 0.0 0.0 
A 2366 A 2366 18) 1) 19.65 14>) “39053 85.9 
N 2458 N 2458 53 0.0 46 | 0.0 0.0 
A 2471 A 2471 45 | 100.0 61 | 100.0 100.0 


*From wild material (see page 13). 
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THE EFFECT OF SEXUAL SELECTION: 


It is relatively easy to get by artificial selection a strain of Drosophila 
ampelophila in which practically all the individuals possess extra wing- 
veins. Also, by selection one can reduce the amount of venation. The 
latter strain is manifestly not fitted to maintain itself, because the wings, 
deprived of the support of the veins, droop and catch in the food of the 
insect, resulting in the insect’s death. On the other hand, the wings 
of the extra-veined race are strong, the individuals are vigorous and fer- 
tile. What would be the fate of such a race if turned loose in nature 
(a) where they would find plain-winged individuals with which to breed 
and (b) where they were isolated from plain-winged individuals? Rea- 
soning from the fate of most feral domestic races, one would expect 
that in the former case they would soon disappear, although the reason 
assigned for their disappearance would be the vague one that they 
would be ‘‘swamped.”’ In the latter case many would expect them to 
keep the domestic characteristics. 

Two cubic feet of space and a few decaying bananas form conditions 
sufficiently feral for the purpose of testing what would happen. On 
May 21 released in a large battery-jar an equal number of flies from one 
of my extra-veined strains and from one of my plain-winged strains. 
This would clearly give the extra-veined an advantage, for not often will 
a new formmake up 50 per cent of the population. On May 19 only 26 
per cent of the flies in the jar showed extra veins and these veins were 
not as pronounced as those of the original 50 per cent. By May 26 the 
number was reduced to 11 percent. It was 7 per cent on June 9, and two 
weeks later (June 23) only 1 per cent showed any trace of extra veins. 

On February 19 I released in a similar jar a population of flies selected 
from an extra-veined race on the basis of well-developed extra veins. 
No plain-winged flies were introduced. However, after six weeks 
(March 31) only 93 per cent showed extra veins and in none of these 
cases were the extra veins very strong. On April 24 there were only 
84 per cent; May 25, 72 per cent; June 23, 49 per cent; and by August 
3 only 5 per cent showed any trace of extra veins. 

As has been shown, plain-winged individuals occasionally turn up in 
earefully-bred extra-veined races, but it was, at first, puzzling to see how 
these occasional ‘‘reversions’’ could get such a foothold as to supplant 
the extra-veined flies which werein thejar by the hundreds. The expla- 
nation was found while testing the selective value of the prominent male 
secondary sexual character on the anterior tibiae—the large tibial comb. 


*Paper read before the American Society of Naturalists, Boston meeting, 1909. 
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I cut them off of a plain-winged male and left them on a male of the 
extra-veined race and vice versa. These two males were then given to 
afemale as mates. By astudy of her offspring I could tell, in a rough 
way, which mate she preferred. To my surprise she chose almost exclu- 
sively the normal male, whether he had tibial adornments or not. 

Then, without removing the tibial combs, I gave plain-winged and 
extra-veined individuals the choice between mates which, as far as I 
could determine, were alike in all particulars such as age, nutrition, 
activity, and time since last copulation, but differed in that one had 
extra veins while the other had not. I watched each experiment until 
copulation had taken place. When the extra venation in one mate was 
great, the chooser, whether male or female, normal or extra-veined, 
chose the normal mate. I then tried weaker degrees of the character and 
in 85 experiments, mostly with flies having the extra veins only very 
slightly developed, 61 of the choices were in favor of the wild type. 

The basis upon which these flies discriminate against extra-veined 
individuals when choosing a mate is a matter for further study. There 
is an elaborate ‘‘courtship,’’ in which the flirting of the wings in front 
of the prospective mate plays a large part. It seemsas thougha choice 
were made on the basis of sight, but I doubt whether that is the case. 
However, there is no doubt of the choice. It isa clear case of the 
undoing of artificial selection by sexual selection. 


DISUSE AND DEGENERATION.* 


One of the several much-discussed but little-tested problems of the 
theory of evolution is that of the inherited effects of disuse. I believe that 
thereis a pretty general idea that when a species no longer has need for 
an organ that organ will degenerate. The explanations of this degener- 
ation are varied, but the most popular seem to be the inheritance of 
acquired characters, panmixia and selection. It is indisputable that in 
the life of an individual many unused organs do degenerate, but it is far 
from proven or even satisfactorily indicated that this ontogenetic degen- 
eration is followed by a phylogenetic degeneration. There is no doubt 
that many degenerate organs are not used in any way; but who can say 
whether this disuse has preceded degeneration as a cause or merely fol- 
lowed as a necessary consequence ? Before attempting to explain the 
phylogenetic degeneration which follows disuse it seems desirable to find 
a clear case of such a sequence, and this quest was the purpose of the 
experiment with Drosophila ampelophila upon which I wish briefly to 
report. 

These insects are normally very good fliers, possessing wings which 
are relatively quite large. Inmy exveriments, however, they were con- 
fined in glass vials barely large enough to contain the food. The only 
opportunity they had to fly was when they were transferred from one 
vial to another. This was done only three times a week. Such flight 
could at most not be more than 5cm., and was, as a matter of fact, 
rarely made, as they usually walked. 

The experiments are complicated by several facts which must be con- 
sidered. These fall into two groups: 

First, those which might explain the absence of degeneration in the 
wings. Disuse does not affect, during the life of an individual, the 
wing-dimensions, for after an insect’s wings are expanded there is no 
change in them and, of course, they are not subject to the effects of use 
and disuse before they are expanded. However, the degeneration of 
beetle-wings when the elytra are fused, of the wings of cave insects, of 
parasites, and of the wings of many female Lepidoptera are used as stock 
examples of disuse. Furthermore, if there be anything in the theory 
of hormones (of which Cunningham has recently made so much) or the 
various forms of the memory theory of inheritance, we would expect 
phylogenetic degeneration because of the germ-plasm receiving the news 
that the wings are not being used, providing the plasm is in condition to 


*Paper read before the American Society of Zoologists, Baltimore meeting, 1908. 
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receive and act upon sucha stimulus. In certain insects the germ-cells 
are all practically matured before or by the time the wings are expanded 
and ready for use. This, however, is not the case with Drosophila. 
Not only are the germ-cells not all matured by the time it becomes adult, 
but they are in all stages of development and continue to mature, a few 
at a time, for a month thereafter. In these experiments I rarely used 
as parents the individuals coming from first-laid eggs, so that there were 
strong chances of my using affected germ-plasm if such exists. Any 
experiment, such as this, is always open to the criticism that it has not 
been sufficiently long continued, but I am sure that most will agree 
that 48 generations, combined with microscopic measurements and the 
delicacy of biometric analysis, ought to give a satisfactory indication of 
what is taking place. 

The second set of considerations might explain any observed degen- 
erations without reference to the disuse. Excessive inbreeding was 
practiced, sister usually being bred to brother. This was necessary for, 
if I had planned to stop at this point and had wished to entirely avoid 
inbreeding, I would have needed more than 8 trillion flies with which to 
start the work. Inbreeding is supposed to lead to degeneration and might 
thus be solely accountable for degeneration, or it might assist disuse. 
Unnatural conditions might have adversely affected the'flies. Confine- 
ment itself, apart from the entailed disuse, might at least help to bring 
about degeneration. Furthermore, I kept the insects breeding winter 
and summer, with no rest for hibernation and with no change of food. 
There was no conscious selection favoring perfect and large wings, as 
all measurements of this strain were made quite recently and the vari- 
ations in wing-dimensions are not readily appreciable, hence the removal 
of selection in favor of good wings might result in panmixia and conse- 
quent degeneration. Finally, I was constantly on the lookout for signs 
of degeneration, as I hoped and still do hope to produce a wingless Dro- 
sophila. My desire might have influenced my actions and an unconscious 
selection on my part might have reduced the size of the wings without 
disuse playing a part. 

The only necessary answer to this second set of considerations is that, 
in spite of the possibility of the degenerating effect of disuse being helped 
by inbreeding, unnatural conditions, panmixia, or selection, there has 
been no degeneration. 

Evidence of degeneration was sought for by carefully measuring the 
expanded wings of the individuals belonging to successive stages of the 
experiment. In making these measurements one may not mix the sexes 
because of the sexual difference in size. Therefore the females alone 
were used, since among insects it is more commonly the females which 
have degenerate wings. The results are shown in table 37, where 33 
units of length equal 1 mm. 


40 EXPERIMENTS WITH DROSOPHILA AMPELOPHILA. 


TABLE 37.—Mean wing-dimensions at various periods of continued disuse. 


| Generations of disuse. Length of wing. | Breadth of wing. Length * breadth. 
| Be pnb ET 
| lstatOnahGesr cer scevacke 67.00+ 0.12 | 32.55+ 0.07 2223.12 + 8.85 
[PTH ROMO Ely ccsts.n.- 266 550)== OSE se .60l=) 0206 22 Caleta 
OOLOLCOV ONG e se ne.ces |) GAO 0126) B98 3-10.06 2115.44 = 7.42 
AVSt LO Mordeccesccessss | 67.67 + 0.18 | 84.06 + 0.08 2358.94 + 11.46 | 
| | 


If the experiment had stopped at the end of the thirty-fifth generation 
it would have appeared from this table that the wings were actually 
getting smaller, since the area, as judged by length < breadth, was 
smaller in the second lot than in the first, and still smaller in the third— 
the difference being nearly ten times the expected error. However, this 
would have been a hasty conclusion. The fourth lot is as much larger 
than the first as the third is smaller. So we must conclude that there 
is no evidence that the constant disuse of the wings during more than 
40 generations has had any effect. 
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